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Abstract: In this article the causes of elastic deformations of the MFTW (machine tools, jig-fixture, 
cutting tool and workpiece) system and their influence on diameter obtained after turning operations 
using lathe machines have been investigated. The major contributing causes on this issue, such as 
machine tool spindle bearing elastic system, radial deformation of spindle shaft as well as the 
deformation of workpiece, the influence of cutting forces and the drive system dynamics, elastic 
deformation of the machine tools components and more other causes are identified. 
 
An attempt has been made to model the nature of influences of the above mentioned causes in an 
example of lathe machines. Also a simple methodology for categorising lathes in a machine shop 
depending upon their level of accuracies of machined products is briefly proposed.  This methodology 
may be useful for machine shop supervisors and process design engineers to reduce the rate of 
machining defects for a shop floor yielding higher productivity. This work may perfectly suit the 
activities of manufacturing engineers handling shop floor scheduling. 
Keywords: accuracy of machining, dynamic and static qualities, machine tools, machine tools testing, 
machining defects. 
1 Introduction and problem identification 
The performance characteristics of machine tools depend on the dynamic properties of their structure 
[1]. The inaccuracies caused by elastic deformations of the MFTW (machine tools, jig-fixture, cutting 
tool and workpiece) system may reach up to 80% of the total product defects in metal machining 
industries. The causes of this type of defects are difficult to identify and in some cases these hidden 
causes are undetectable. These difficulties make the system control less effective and yield higher 
number of unwanted defect products, which stay  beyond explanation of machine shop supervisors. 
 
The major causes, known to us, of this type of inaccuracies, are as follows: 
 
§ The elastic system of machine tools spindle bearings; 
§ Axial deformation and / or radial deflection of spindle shaft under the action of cutting forces; 
§ During machining process under the influence of cutting forces and the drive system dynamics, 
the machine tools components such as the guide and bed / column, carriage, tool post and tool 
shank, etc. are elastically deformed and deflected; 
§ The jig-fixture may also be subjected to the similar type of deformations; 
§ Cutting tool shank deflection, workpiece deflection under the action of cutting forces, and the 
other causes. 
 
Above mentioned inaccuracies may happen with newly manufactured and obviously with used and 
aged machine tools. Therefore, new as well as, used machine tools must be tested for accuracies of 
performances, for elastic and dynamic qualities for better efficiency. 
Machine tools are tested after their production as commissioning test. Machine tools also must be 
tested at an interval of period of their exploration to determine their current capabilities. The major 
objectives of machine tools testing are: 
§ Checking whether the machine tool complies with accuracy standards, and 
§ Test to determine the rigidity and vibration-proof properties during metal cutting.  
 
  
According to present day manufacturing specifications, final or commissioning tests of machine tools 
include: 
§ Preliminary trials and idle-run test, and 
§ Performance test under load, 
 
After manufacturing a machine tool must comply with the test procedures without fail. In a machine 
tools manufacturing factory machine tools tests are conducted according to the following order. 
 
1.1 The idle run tests procedures for machine tools  
During idle run tests, the machine tool to be tested is installed on a special foundation on adjustable 
wedges or levelling shoes as it is done in the workshop for regular operations [2]. It is levelled in the 
longitudinal and traverse directions with the help of precision levelling tool as for example a spirit level. 
Foundation fasteners are not tightened during idle run tests. Then the electric motor/s of the machine 
tool, feed mechanism, and other related mechanisms are tested for their proper performances. The 
obtained data for tests are compared with the given data of the specifications. During idle runs each 
step of the spindle speeds / main motions is recorded and compared with the specified steps of 
speeds.  
Then the machine is allowed to run at its maximum speed motion until the spindle bearing temperature 
is stabilised at a certain level. Normally the maximum spindle bearing temperature must not exceed 
85°C for rolling antifriction bearings and 70°C for sliding friction bearings [2]. For all other types of 
bearings used in the machine tools, this temperature must not exceed 50°C. 
The operations of feed mechanism are tested by checking and recording the values of each automatic 
feed steps of the carriage or the spindle. The fast traverse motion is also checked for its proper 
operation. The operations of all automatic devices, stops and indexing mechanisms are checked for 
their proper operations. Backlashes for all actuating screw drives are determined.  
The operations of coolant and lubricating mechanisms, as well as, that of electrical and hydraulic or 
pneumatic equipments are tested for proper operations. 
The dependability of all protection devices must be checked for their proper operations. The manual 
control operations and efforts required for their operations are verified.  
Power required for idle run of the machine tool is measured and is compared with the specified data. 
The machine tools which successfully pass through the idle run tests are subjected to the operational 
mode tests for performances, elastic rigidity and dynamic stability. 
 
1.2 The operational mode tests procedures for machine tools  
In operational mode tests procedures, workpieces are machined at speeds and feeds enabling the 
maximum permissible loads to be attained as well as sudden overloads of 25% while using a proper 
cutting tool.  
During the cutting process proper operations of all mechanisms / units and systems are again 
observed and compared with the machine specifications. The proper operations of clutches and 
brakes, emergency switch button, and dependability of safety devices are observed and properly 
checked. The power consumption of drive motors under cutting loads are recorded and compared with 
specifications.  
The performance tests of a machine tool also include checking the piece production / operation time, 
after machining geometric accuracy checking, dimensional tolerances checking and investigation of 
surface roughness obtained. These tests are conducted at the maximum output of a machine tool. 
Finally, for each of the machine tools produced, its rigidity and the vibration stability [2] must be tested. 
Overall rigidity and vibration stability of machine tools largely influence on the geometric accuracy, 
dimensional tolerances and surface roughness of machined components.  
At the current time, the requirements made to surface finish, geometric accuracy and dimensional 
tolerances obtained for machined components have been crucially increased. Therefore, study of 
overall rigidity and vibration stability of machine tools is a major topic for machine tools manufacturers 
  
as well as for metal machining industry. It is essential for manufacturing and design engineers to be 
aware about their machine tools qualities and capabilities particularly rigidity and vibration stability, 
prior to assign a particular job to be machined on a particular machine tool. This knowledge and its 
application in manufacturing must reduce the rate of defective products produced enhancing the 
productivity of a company. 
 
1.3 Dynamic system of machine tools and its accuracy 
During machining a workpiece in a machine tool, the cutting force does not remain constant although 
no changes in cutting conditions happen. This happens due to the variations in the cross section of the 
undeformed chip, machining allowance, and the physio-mechanical properties of the workpiece. The 
cutting force is continuously changed by dulling and wear of the cutting tool, formation of built-up edge 
and other factors. The action of the varying cutting and friction forces, in conjunction with the 
corresponding action from the drive motor, deforms the elastic components of the machine tool, 
thereby changing the cutting and friction conditions or the operating conditions of the drive motor. The  
elasticity of MFTW system is deformed by the action of varying cutting forces, friction forces, and by 
the torque of the electric motor.  
The metal cutting processes are supported by a closed contour of machine tool dynamic system [2]. 
The closed contour of dynamic system of machine tools, as it is mentioned earlier,  consists of a 
machine tool (M), jigs and fixtures (F), cutting tool with its shank and tool post (T), and the workpiece 
(W). These units together in a closed contour are called MFTW dynamic system of machine tools.   
The factors influencing upon the accuracy of machine tools can be listed as follows: 
§ Geometrical and kinematical accuracy of the MFTW dynamic system; 
§ Temperature deformation of members of the system; 
§ Processing rigidity characterising the deformation of the system under load; 
§ Elastic and geometric stability of the MFTW system in clamping the workpiece, traversing the 
units, and dynamic stability of machining processes; 
§ Forced vibrations and chatter in metal cutting processes; and 
§ Dimensional wear of the cutting tool. 
 
Most of these factors are variables and, to some extent, controllable. Accuracy of workpiece machined 
can be improved using optimum cutting conditions such as cutting speed, depth of cut and feed rate. 
Geometric inaccuracies of a machine tool are considered as constant systematic errors and these 
errors are transferred proportionately to the quality of machined products.  
In this particular article the author has concentrated mostly only on MFTW dynamic system of the 
lathe machines. 
 
2 Correlation between dynamic system of a lathe and its level of accuracy 
The errors caused by elastic deformations of the MFTW system, as it was mentioned earlier,  may 
reach up-to 80% of the total machining errors. These types of errors are difficult to detect and in some 
cases these hidden errors are undetectable. The elastic properties of the units of the MFTW system 
can be characterised by the relationship between the effect of the proceeding element on the given 
element and the result of this effect. If the effect of the proceeding element is constant in time, the 
characteristic is static; if it varies in time, the characteristic is dynamic. 
 
The major causes of this type of errors may be as follows: 
 
§ During machining process under the influence of cutting forces and drive system dynamics of 
machine tools components such as the guide and bed / column, carriage, tool post and tool shank 
are elastically deformed; 
§ The jig-fixture may also be subjected to the same type of deformations; 
§ Axial and radial deformation of spindle shaft as well as that of the workpiece; 
§ Spindle bearing elastic system. 
 
  
The latest cause which is spindle bearing elastic system is more closely explained [3] by the following 
manufacturing and design inadequateness: 
 
§ Deviation of ideal geometric shape i.e. profile irregularities of working surfaces and surface 
texture of outer and inner races of spindle bearing; 
§ Deviation of ideal geometric shape of rolling elements (balls, rollers and needles) or scattered 
location of the latter having different tolerances during bearing assembly; 
§ Technological fit-gap between rolling element and the nest of the separator (cage) of bearings; 
§ Ovalness of races of rings of the spindle bearing; 
§ Presence of fluidic and other hard dust particles on the working surfaces; 
§ Contact of rolling elements one with another and also with other rolling surfaces in bearings; 
§ Minor axial deflections of the spindle during operation; 
§ Elastic contact deformation of rolling elements and rings during high loading of spindles;  
§ Improper lubrication system for bearings; and many other causes to list down. 
 
The relative vibrations of a cutting tool and workpiece can result in a machining process with surface 
location errors [4].The static characteristic
esK of an elastic system, which includes all parts and units 
of the machine tool, the workpiece and the cutting tool, is the ratio of t he displacement d  of the nose 
of the cutting tool in a direction normal to the machined surface to a force cF considering it to be 
constant cutting force. The most essential effect is exerted on the workpiece size by the mentioned 
motions in the direction normal to the machined surface under the action of the cutting force cF . The 
ability of the MFTW system to resist the action of the force cF  describes its rigidity. The rigidity of a 
machine tool can be determined by the static method by testing an operating machine under load. The 
static method consists of gradual loading of the machine units by forces reproducing the action of the 
cutting force, measuring at the same time the deviations / deflections which arise in this case.  
 
The coefficient
esK characterises the pliability of elastic system of machine tools and defines static 
dimensiona l error of machined job. Static characteristic
esK of elastic system of machine tools during 
metal cutting process, as stated, can be defined as; 
 
  
es
c
K
F
d
=                                                                                                                 (1)  
Where,   
 
cF  = Cutting force or its imitation force; 
d = Relative displacement of workpiece and cutting tool nose through the normal to the 
machining surface under the action of cutting force
cF . 
Statical method is widely used for determination of
esK , while values of cF  andd obtained by 
experiments may be presented graphically as ( )cf Fd = . The knot type graph obtained represents 
nothing but the nature of loading and unloading the system using cyclic change of cutting force. This 
knot type graph also explains the unavoidable forces of friction at joints. 
 
In this article an experimental method is offered as described in the following section. In this 
experimental method the action of cutting force 
cF is interpreted by the integrated deflection of the 
MFTW system. 
 
 
3 Experimental determination of level of statical accuracy of a universal lathe 
In this experiment, as depicted in Figure 1, the value of cutting force cF (see equation1) was varied by 
gradual increment of depth of cut keeping the rest of the parameters of the cutting conditions (cutting 
speed and feed rate) constant at optimum values. A random mild steel (MS) bar with diameter 62 
mm was used as the workpiece and the workpiece was clamped in the self-centered three-jaw chuck 
on a Colchester lathe of model Triumph 2500 having swing diameter 400 mm and centre to centre 
  
distance 2.5 m. The lathe is of variable speed main motion ranging from 15 RPM to 2500 RPM. The 
main motor power of the lathe is 10 hp. To minimise the deflection of the bar itself under cutting force, 
the bar overhang was kept approximately 130 mm from the chuck nose. It is assumed that this allows 
determining the lathe accuracy more 
effectively and it does not involve 
self deflection of the workpiece itself.  
 
Cutting tool used: Coated Carbide 
triangular cutting insert: 
TNMG220404, P15C WTN 33 
(coated carbide 33; P15C 
hardness; corner-to-corner width 
22mm; 0.4 nose radiuses). 
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Measuring tool for recording diameter used: Metric system micrometer of Tesa S. A.  25  75 mm 
with 1 micron accuracy and another similar micrometer of Mitutoyo  25  50 mm with the same 
accuracy level. Backlash error was considered during using these micrometers to measure the 
diameters before and after machining.  
 
Cutting conditions used: spindle speed 400 RPM that produced a narrow range of cutting speeds v = 
60  78 [m/min] which are within the range of optimum cutting speeds for mild steel workpiece cutting 
with carbide cutter; accepted feed rate = 0.32 [mm/rev]; Roundness of the bar before test cuts was 
verified using a dial gauge, the reading of dial gauge deflection varied within 0  90 µm. Variable depth 
of cut, as noted in column 1 of the table 1, was used in purpose to obtain variable cutting forces.  
 
Having known values of nominal diameters before cut and the depth of cut accepted, the after 
machining expected diameters were calculated as mentioned in third column of table 1. After finishing 
each cut the diameters obtained were recorded using precision micrometers as above mentioned. 
Depth 
of cut, 
t (mm) 
Nom. 
dia 
before 
cut  
(mm) 
Expect
ed dia 
after 
cut 
(mm) 
Dia 
after 
cut 
(avera
ge) 
(mm) 
Deviatio
n in dia 
obtained 
d  (mm) 
0.1 62.10 61.90 61.93 -0.03 
0.2 49.08 48.68 48.72 -0.04 
0.5 62.10 61.10 61.50 -0.05 
0.8 61.60 60.00 58.95 - 0.05 
1.2 58.95 56.55 56.50 - 0.05 
1.6 56.50 53.35 53.26 - 0.05 
2.0 53.26 49.26 49.24 - 0.02 
2.5 62.10 57.10 57.86 + 0.76 
3.0 48.72 42.72 42.33 +0.39 
4.0 62.10 54.10 54.94 + 0.84 
5.0 62.10 52.10 51.76 + 0.66 
Figure 3. Correlation between depth of cut (t) 
and deviation ( d ) of diameter 
Figure 2. Influence of depth of cut on deviation 
of diameter 
 
Figure 1. Turning operation on a lathe 
  
The last column of the table 1 shows that upto certain depth of cut the machined diameters were lower 
than expected diameters and beyond that particular depth of cut (in this case 2 mm) the machined 
diameters obtained were higher than the expected diameters. The graphical representation (Table 1) 
of the tabulated data gives a visual understanding of nature of declination of obtained diameters using 
different depth of cuts while the cutting speed and the feed rate were kept constants for each cut.  It is 
evident from the graph 1 that with the increase of depth of cut beyond 2 mm the value of reduction 
(deviation) of diameter rapidly increases. 
 
4 Conclusions and applications 
The results of experiments have successfully established a correlation between accuracy of MFTW 
elastic system and the dimensional output of the machined products.  
The diameters obtained after machining using depth of 2 mm and below that value are unexpectedly 
lower than envisaged diameters. 
The diameters obtained after  machining using depth approximate above 2 mm up to 5 mm are higher 
than expected diameters. 
These results can help prediction about the static and dynamic accuracy of the lathe machine 
investigated. Using this experimental method we can easily predict the accuracy of machining of any 
other lathe machine, and using these results a machine shop supervisor can categorise all of the 
machines available in the workshop to achieve the required tolerances of machined products. 
Eventually this method is helpful to improve the productivity of a machine shop by categorising the 
machines available. 
It is envisaged that all of the lathe machines in the production shop should be tested following the 
above proposed method for better productivity. The results of tests are helpful to categorise the 
existing lathe machine for machining particular machine parts with particular ranges of tolerances of 
dimensions of the components. 
This methodology may be useful for machine shop supervisors and process design engineers to 
reduce the rate of machining defects for a shop floor yielding higher productivity. This work may 
perfectly suit the activities of manufacturing engineers handling shop floor scheduling. The author 
acknowledges the sincere helps of Mr. Arthur Turnock, TO, mechanical workshop, for helping to run 
the experiments. 
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